A one-pot, solvent-free protocol for the synthesis of chloro-substituted benzoquinoline-carbazole derivatives via a modified Friedländer hetero-annulation reaction between 2, 3, 4, 9-tetrahydrocarbazol-1-one and 3-amino-2-naphthoic acid in the presence of POCl 3 is described. In addition, the direct pseudo multicomponent transformation of 2, 3, 4, 9-tetrahydrocarbazol-1-one, malononitrile and 9-ethyl-3-carbazolecarboxaldehyde results in the formation of a multifunctionalized carbazole through a Knoevenagel-Michael addition-cyclization reaction has also been reported. All the newly synthesized molecules were deduced by spectral and analytical methods.
Introduction
The structural diversity and biological importance of nitrogen containing heterocycles such as carbazole and quinoline derivatives have made them attractive targets in both medicinal and organic chemistry. The heteroarylcarbazole derivatives have been found to display a diverse array of important functions and are abundant in bioactive natural products. [1] [2] [3] [4] For example, the pyridocarbazole type alkaloids, ellipticine(extracted from the leaves of Ochrosia elliptica) and Olivacine (isolated from Aspidosperma olivaceum) exhibit a wide spectrum of biological and medicinal activities. [5] [6] [7] [8] [9] The benzoquinoline core structure is also found in a wide variety of biologically active natural products and pharmaceuticals with anti-Parkinson, antipsychotic, antibacterial, UDP (Uridine diphosphate)-glucuronosyl transferase, antimalarial, agonistic and antipsychotic activities. [10] [11] [12] [13] [14] Kantevari et al., reported that the coupling of 9-methyl-9H-carbazole to tetrahydroquinoline nucleus could deliver a new scaffold with better antimycobacterial activity than its individual reactants. 15 Recently our research group reported carbazole and quinoline-based hybrid moieties for its pharmacological interest. 16 As an extension to our efforts in developing heterocycles of biological interest and also considering the significant role of carbazoles and benzoquinolines in biological applications, we were inspired to synthesize a new series of benzoquinoline-carbazole and carbazole dimer from 2,3,4,9-tetrahydro-1H -carbazol-1-one as the precursor via a one-pot protocol.
Experimental

General
All the chemicals were bought from Sigma-Aldrich and Merck and were utilized for the process without further purification. Melting points (M.p.) were determined on a Mettler FP 51 apparatus (Mettler Instruments, Switzerland) and are uncorrected. They are expressed in degree centigrade ( • C). FT-IR spectra were recorded on Avatar Model FT-IR (4000−400 cm −1 ) spectrophotometer. 1 H NMR and 13 C NMR spectra were recorded on an Agilent-400 MHz
The spectral and analytical data of all the compounds 3(a-d)
2.3a 7-Chloro-benzo [6 ,7 -a ] quino [2 ,3 - 2.3b 7-Chloro-3-methyl-benzo [6 ,7 -a ] quino [2 ,3 - A mixture of 2,3,4,9-tetrahydrocarbazol-1-one 1 (1.0 mmol), malononitrile 4, (1.0 mmol), 9-ethyl-3-carbazole carboxaldehyde 5 (1.0 mmol) and lithium ethoxide (3 equiv.) in 15 mL of ethanol\methanol was heated to reflux for 3 h. The reaction was monitored by TLC which indicated the formation of the product. The excess of solvent was removed by distillation and the mixture was poured into ice-water. The reaction mixture was then neutralized with 5N HCl and extracted with ethyl acetate. The organic layer was thoroughly washed with water and dried over anhydrous Na 2 SO 4 . Upon removal of the solvent, a brown crude mixture was obtained. It was purified by column chromatography over silica gel using petroleum ether: ethyl acetate (97:3) mixture as eluent to afford the corresponding product, 2-ethoxy/methoxy-4-aryl/heteroaryl-5,6-dihydro-11H -pyrido [2,3- 
2.5f 2-Ethoxy-10-methyl-4-(thiophen-2-yl)-5,6-dihy dro-11H-pyrido[2,3-a]carbazole-3-carbonitrile (6f):
2.5l 2-Methoxy-4-(9-ethyl-9H-carbazol-3-yl)-10-met hyl-5,6-dihydro-11H-pyrido[2,3-a]carbazole-3-carbon itrile (7a):
2.5m 2-Methoxy-4-(9 -ethyl-9H-carbazol-3'-yl)-10-methyl-5,6-dihydro-11H-pyrido[2,3-a]carbazole-3-car bonitrile (7b):
Results and Discussion
The two-component Friedländer reaction of 2-aminoaryl ketones with carbonyl compounds containing a reactive α-methylene group in order to obtain benzoquinoline compounds has been known for a long time. [17] [18] [19] [20] [21] [22] However, to the best of our knowledge, none of these report the synthesis of benzoquinoline-carbazole derivatives via a POCl 3 promoted Friedländer reaction.
Prompted by the encouraging importance of benzoqu inoline-carbazole derivatives via Friedländer reaction, we embarked on the synthesis of 7-chloro-benzo[6 ,7 -a ]quino[2 ,3 -a]-5,6-dihydrocarbazole 3 by a modified Friedländer hetero-annulation reaction of 2,3,4,9-tetrahydrocarbazol-1-one 1 with 3-amino-2-naphthoic acid 2 using catalytic amounts of POCl 3 under solventfree condition (Scheme 1). All these reactions were carried out by refluxing an equimolar ratio of the reactants at 120
• C. Next, we examined the scope of the transformation utilizing the reactivity of different substituted 2,3,4,9-tetrahydrocarbazol-1-ones 1 (a-d) as substrates; all of the reactions afforded the corresponding benzoquino line-carbazole products 3 (a-d) in moderate to good yields ( Table 1) .
The proposed structures of the synthesized compounds were consistent with their FT-IR, 1 H NMR, 13 C NMR spectra and elemental analyses. The FT-IR spectral data of 3a displayed prominent absorption peaks at 3436 and 1592 cm −1 due to indole NH and C=N stretchings respectively. The 1 H NMR spectrum of 3a exhibited a broad singlet for the indole NH at δ 9.47 ppm. Two singlets at δ 8.66 and δ 8.52 ppm assigned to C 8 and C 13 protons. The two multiplet signals in the region of δ 8.04-7.98 ppm due to C 12 & C 9 protons and δ 7.52-7.47 ppm were attributed to the C 11 & C 10 aromatic protons respectively. The signal due to C 4 proton occurred as a doublet at δ 7.62 (J o = 7.60 Hz) ppm and a doublet at δ 7.39 (J o = 8.40 Hz) arising from the C 1 proton. A multiplet at δ 7.29-7.27 ppm was assigned to a C 3 proton, a triplet at δ 7.13 (J o = 7.20 Hz) was assigned to the C 2 proton while the aliphatic protons (C 6 and C 5 ) resonated as multiplets centered at δ 3.50 ppm and 3.19 ppm respectively. The 13 C NMR spectrum of 3a displayed 23 resonances in agreement with the proposed structure.
The plausible mechanism for the formation of compound 3 has been shown in Scheme 2 as reported earlier by our research group. 23 Initially, 2,3,4,9-tetrahydrocar 9-Ethyl-3-carbazolecarboxaldehyde derivatives have been utilized as versatile coupling components in the preparation of a number of nitrogen-containing heteroaromatics. 24 The simple carbazoles reported so far from our laboratory were found to have anticancer, antibacterial, antioxidant and photophysical activities. 16 However, the dimerised carbazoles/carbazolyl carbazole derivatives have an electron-rich structure, high thermal stability and unique electrical and optical properties 25,26 compared to its simple carbazoles. The conjugated carbazole dimer enhanced greatly the fluorescence of carbazole. 27 The importance of pyridocarbazole and carbazole dimer derivatives prompted us to design a practical and efficient multicomponent reaction for the preparation of highly functionalized carbazole substituted pyridocarbazole derivatives. Recently, our research group envisaged the possibility of pseudo pyrido [2, 3-a] carbazoles 6 (a-k) . multicomponent reaction for the preparation of pyridocarbazoles. 28 The synthetic pathways employed to prepare the targeted derivatives are depicted in Scheme 3. In a onepot, pseudo three-component heterocyclo condensation process, 2-ethoxy-4-(9 -ethyl-9H -carbazol-3 -yl)-5,6-dihyro-11H -pyrido[2,3-a]carbazole-3-carbonitrile 6a was obtained via a base mediated Michael additioncyclization of 2,3,4,9-tetrahydrocarbazol-1-one 1a with malononitrile 4 and 9-ethyl-3-carbazolecarboxaldehyde 5a in refluxing EtOH. In this reaction, the solvent ethanol could act as both a reactant and a solvent. Table 2 shows the results obtained from using different reaction conditions for the synthesis of 6a. In order to justify the significance of base in this multicomponent process, the reaction was first performed in the absence of base wherein the reaction failed to occur even at prolonged reaction time ( Table 2 , entry 1). In the presence of sodium hydroxide or potassium carbonate, the reaction occurred with isolated yields of 6a after 8 h of 20% and 29% respectively ( Table 2 , entries 2 and 3). Carrying out the reaction in the presence of triethylamine (Table 2 , entry 4) for 6 h led to a significant increase in the yield of 6a. The reaction was then performed with bases such as DABCO, morpholine and piperidine (Table 2 , entries 5-7), however, these bases were not as effective and resulted in low yields (< 38%) after 5-6 h. Our research group has previously reported the use of NaOEt as a base to afford simple pyridocarbazoles. 28 However, in our present work, the use of NaOEt as a catalyst yielded only 47% of carbazole compound ( Table 2, entry 8) . Interestingly, the use of one equivalent of LiOEt instead of NaOEt increases the product yield up to 58% after 3 h (Table 2 , entry 9). The optimum quantity of LiOEt required was screened and it was found that on increasing the amount of catalyst from 1.0 to 3.0 equiv, the yield of the reaction increased gradually but beyond 3.0 equiv, there was no significant improvement in the rate or yield of the reaction even at prolonged time (Table 2 , entries 9-13). From the results, LiOEt was found to be the optimum catalyst for this transformation, wherein 73% of product 6a was obtained in 3h. The literature survey revealed the catalytic potential of LiOEt in many MCRs. 29 Based on the appropriate reaction conditions, a series of 2-ethoxy-4-aryl/heteroaryl-5, 11-dihyro-6H -pyrido [2, 3-a] carbazole-3-carbonitrile derivatives 6 (a-k) were synthesized. The results are summarized in Table 3 .
The structures of compounds 6 (a-k) were established on the basis of their elemental analyses and spectral data. The important diagnostic bands in the FT-IR spectrum of 6a were assigned, with the stretching vibrations at 3259 and 1544 cm −1 corresponding to indole NH and C=N groups respectively and the cyano group stretching vibration assigned to a sharp band at 2216 cm −1 . The 1 H NMR spectrum displayed a broad singlet at δ 8.81 ppm attributed to the indole NH proton while the signal from C 5 '-H was visible as a doublet at δ 8.10 (J o = 8.00 Hz) and a sharp singlet at δ 8.06 ppm was assigned to C 4 ' proton. The six aromatic protons at C 8 ', C 2 ', C 1 ', C 7 , C 10 and C 7 ' positions resonated as multiplets in the region of δ 7.58-7.44 ppm and the C 6 ' aromatic proton appeared as a multiplet at δ 7.29-7.27 ppm. The C 9 and C 8 protons were visible as a multiplet at δ 7.15-7.11 ppm, the OCH 2 CH 3 protons appeared as a quartet at while the methylene protons of C 5 and C 6 resonated as a multiplet at δ 2.97-2.94 ppm. Six methyl protons of OCH 2 CH 3 and N 9 '-CH 2 CH 3 appeared as a multiplet at δ 1.54-1.48 ppm. The 13 C NMR spectrum of 6a displayed 32 resonances in agreement with the proposed structure. The resonance signals at δ 63.1, 37.7, 14.6 and 13.8 were attributed to OCH 2 CH 3 , N 9 '-CH 2 CH 3 , OCH 2 CH 3 and N 9 '-CH 2 CH 3 carbons. The structures of 6c and 6h were further confirmed by single X-ray diffraction studies (Figure 1) .
After the successful synthesis of 2-ethoxy-4-(9 -ethyl-9H -carbazol-3 -yl)-5,6-dihyro-11H -pyrido [2,3-a] carbazole-3-carbonitrile 6a, this catalytic system was used for the synthesis of 2-methoxy-4-(9 -ethyl-9H -carbazol-3 -yl)-5,6-dihyro-11H -pyrido[2,3-a]carbazo le-3-carbonitrile 7a by the condensation of same reactants in the presence of MeOH instead of EtOH as solvent (Scheme 4). The analysis of the 1 H NMR and 13 C NMR data of the products led us to conclude that, when MeOH or EtOH was used as a solvent the reaction mechanism changed from a three-component to a four-component pathway, as depicted in Scheme 5. Initially, the intermediate I was formed via Knoevenagel condensation of 9-ethyl-3-carbazolecarboxaldehyde with malononitrile in the presence of a base. On subsequent base promoted the 1,4-Michael addition of electron deficient Knoevenagal adduct to the carbanion, derived from the synthon, 2,3,4,9-tetrahydro-1H -carbazol-1-one affords the dini- The scope and general applicability of this methodology have been investigated by using different 2, 3, 4, 9-tetrahydrocarbazol-1-ones 1 (a, b) with 9-ethyl-3-carbazolecarboxaldehyde 5a in different solvent conditions (Table 4) .
Conclusion
In conclusion, we have demonstrated that differently substituted 2, 3, 4, 9-tetrahydrocarbazol-1-ones and 3-amino-2-naphthoic acid undergo an efficient Friedlander condensation reaction in the presence of POCl 3 to yield benzoquinoline-carbazoles. The synthon, 2, 3, 4, 9-tetrahydrocarbazol-1-ones further undergo a pseudo three-component reaction with malononitrile and 9-ethyl-3-carbazole carboxaldehyde to afford a carbazole engrafted pyridocarbazole derivatives. The investigation on solvent effect on this reaction procedure revealed that solvent could change reaction mechanism from threecomponent to four-component pathway. On the whole, the methods presented here are significant in terms of good yields, short reaction time, cost-effectiveness, readily available substrates and wide scope for production of a diversity of the products and potentially bioactive compounds.
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